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Executive Summary 
1000 Connecticut Avenue is a 12 story, 565, 000 GSF commercial office building located at the corner of 

K Street and Connecticut Avenue in Washington D.C. The building is used primarily for office space, but 

also contains retail space on the first level, commercial office space on levels 3-12, a roof-top terrace 

with a green roof, and four levels of underground parking.  

 

For this thesis report, 1000 Connecticut Avenue was re-located to Arlington, Virginia and the existing 

two-way flat slab floor system with lateral resisting concrete moment frames was re-designed as a 

composite steel floor gravity floor system with lateral resisting moment and braced frames. Before re-

locating the building to Arlington, VA it was found that Washington D.C. has a zoning height limit of 130 

ft. With the existing structure having a height of 130 ft., it was found that to use the new steel system 

the building would either need to be designed for a reduced number of stories or relocated to a region 

that does not have a height limit since the new steel system will increase the floor structural depth. To 

use the new steel structural system in Washington D.C., the structure would need to be re-designed for 

a reduced number of stories to maintain a minimum floor-to-ceiling height of 8’-6” and to remain within 

the restricted 130 ft. height limit. Reducing the number of stories from 12 to 11 was undesirable, 

therefore to create a fair comparison between the two systems the building was relocated to Arlington, 

VA, which does not have a height limit. The goal of the re-design was to 

 increase the bay sizes to open the floor plan layout; 

 increase floor-to-floor height to increase the openness of the space; 

 Reduce the construction schedule; 

 Reduce the structural system cost; 

 Increase the annual revenue by increasing the rental value of the space and increasing the 

amount of rentable space 

When designing the steel framing layout, a uniform layout was created to reduce the number of 

required skewed members and wider bays were created by removing certain existing column lines and 

relocating columns. Wider bays were created to open the floor plan and to increase the rental value of 

the space with reduced column obstructions and more rentable space. Maintaining an open floor layout 

was an important aspect of the re-design, therefore for the lateral system moment frames were used to 

avoid obstructions in the in the floor plan layout and braced frames were located around the elevator 

shafts and stairwell cores. The gravity system was designed as a composite steel system to achieve long 

spans while maintaining minimal structural depth. AISC 14th edition was used to design the gravity frame 

members. ETABS was used to analyze and design the lateral system. The lateral system design and 

analysis was based on the wind and seismic lateral loads calculated according to ASCE 7-10. The wind 

loads were determined by using Analytical Procedure (method 2) outlined in ASCE 7-10 and the seismic 

loads were determined by using the Equivalent Lateral Force Procedure outlined in ASCE 7-10. After 

designing the gravity and lateral systems, typical member connections were designed. The typical 

connections designed were orthogonal and skewed shear connections and a moment frame connection.  
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After designing the gravity and lateral systems, two breadth studies were conducted to determine how 

the new structural system will affect other aspects of the building. The first breath study was 

construction management impact. This breadth analyzed the impact of the structural system redesign 

on the superstructure cost; construction sequence of the existing system to the proposed construction 

sequence of the new structural system; site logistics of steel versus concrete; building LEED certification; 

and the anticipated revenue increase from the use of the new structural system. First the cost of the 

current structural system was compared to the cost estimate of the new structural system.  In this 

portion of the analysis it was found that the new structural system will cost $5,994,630 more than the 

existing structural system. Second, the new structural system construction schedule was compared to 

the existing system construction schedule. It was found that the new structural system was erected 18 

days earlier than the existing structural system, thus representing the use of the new system reduced 

the construction schedule. Third, how the construction site will have to be managed differently for steel 

compared to concrete was be evaluated. Using the existing 1000 Connecticut Avenue existing site for 

analysis, it was found that the site will be managed similarly for both materials. Fourth, the building 

LEED certification with the use of the new structural system was be compared to the existing building 

LEED certification and it after the analysis it was found that the building will maintain LEED Gold 

Certification. Last, the revenue obtained from the new structural system with wider bays and higher 

floor-to-ceiling heights was compared to the existing structural system’s revenue. Wider bays and higher 

floor-to-ceiling heights increased the rental value of the floor space and therefore the building owner 

will be able charge higher rent which increased the revenue. The additional revenue obtained from 

using the new structural system is $3,705,450. This shows that even though the structural system costs 

more than the existing system, the amount of additional revenue obtained from using the new system is 

far more beneficial than using the existing system. Therefore the re-designed structural system with 

wider bays and floor-to-ceiling heights results in an overall very successful design with a reduced 

construction schedule and increased rental value. The proposed steel structural system is a viable 

alternative system to use in Arlington, VA since the new system has many additional benefits compared 

to the existing concrete structural system.  

The second breadth studied was acoustics and lighting impact. This breadth involved determining the 

sound treatments required for a typical office space located in the new structural system. The analysis 

began by determining the level of speech privacy the common wall barrier between offices provided. It 

was shown that a 54 STC rated 8” partition wall with 2-layers of ½” thick gypsum wall board on both 

sides, staggered electrical boxes isolated with insulation, and 2 ½” metal studs spaced 24” o.c. and is 

very adequate for providing speech privacy for the offices housed in the new steel structural system. In 

addition, since the new structural system was designed for higher floor-to-ceiling heights, lighting 

illuminance applied to the work plane surfaces were affected. As a result, a lighting breadth was 

conducted by designing the lighting system for a typical office space using the existing floor-to-ceiling 

height of 8’-6” and checking to determine if the same lighting system can be used for the new floor-to-

ceiling height of 10’-6”. AGI was be used to design the lighting system for the space and the average 

illuminance in the space was compared to the target illuminance of the space.  The IESNA Handbook 10th 

edition was used to determine the target illuminance and maximum power density for a private office 
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space. It was found that the lighting system designed for the space with a floor-to-ceiling height of 8’-6” 

also achieved the target lighting illuminance for the space with a floor-to-ceiling height of 10’-6”.  

The appendices in this report include hand calculations for wind, seismic, snow and gravity loads; gravity 

system design; construction management breadth calculations; floor plans and a building section.  
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Building Introduction  
1000 Connecticut Avenue, NW Office Building is a new 12 story office building located at the northwest 

intersection of K Street and Connecticut Avenue in Washington DC, as can be seen in Figure 1. The 1000 

Connecticut Avenue Office building is designed to achieve LEED Gold certification upon completion. 

Despite being used primarily for office space, the building is comprised of mix occupancies, which 

include: office space, a gymnasium, retail, and parking garages. The structure has 4 levels of 

underground parking. The building’s total square footage is 555,000 SF with 370,000 SF above grade and 

185,000 SF below grade.   

 

 

 

 

 

 

 

 

  

Figure 1 Building Site 

To create a new Washington landmark, the building is designed to complement surrounding institutions 

by blending both traditional and modern materials. The facade consists of a glass, stainless steel and 

stone panel curtain wall system. Exterior and interior aluminum and glass storefront windows and doors 

are on the ground level. The lobby and retail space are located on the 1st level, which has a 12’-6 1/2” 

floor-to-floor story height. A canopy facing K Street brings attention to the main lobby entrance, as can 

be seen in Figure 2.  

 

 

 

 

  

  

Figure 2 Main Lobby Entrance facing K Street (left) and perspective of curtain wall system (right) 
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Beyond the main entrance is a two story intricate lobby space with carrera marble and Chelmsford 

granite flooring, aluminum spline panels integrated with glass fiber reinforced gypsum (GFRG) ceiling 

tiles and European white oak wood screens, as can be seen in Figure 3. 

Figure 3 Perspective of lobby  

The retail space is broken down into several retail stores facing K Street and Connecticut Avenue. These 

retail stores are housed behind storefront glass to enable display of merchandise to potential 

customers. The 2nd-12th levels have 10’-7 ½” floor-to-floor story heights. Housed on the typical levels 

(3rd-12th) is the office space. A combination of tall story heights and a continuous floor to ceiling glass 

façade enables natural daylight to enter the building space as well as provides scenery to the 

Washington monuments, Farragut Park , and the White House, as can be seen in Figure 4. 

 

 

 

 

 

 

 

  

Figure 4 Perspective of typical office with floor-to-ceiling windows that supply views to 

the city 
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In addition, located on the penthouse level is a roof-top terrace with a green roof and a mechanical 

penthouse, as can be seen in Figure 5. 

 

 

 

 

 

 

 

 

Figure 5 Perspective of green roof on roof-top terrace and mechanical penthouse 

Housed on the basement levels (B1-B4) are underground parking and a fitness center. A total of 253 

parking spaces are provided; level B1 has 19 parking spaces; level B2 has 74 parking spaces; level B3 has 

78 parking spaces; level B4 has 82 parking spaces. In addition, the fitness center is located on level B1. 
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Existing Structural Overview 
1000 Connecticut Avenue Office Building’s structural system is comprised of a reinforced concrete flat 

slab floor system with drop panels and a bay spacing of approximately 30 feet by 30 feet. The slab and 

columns combined perform as a reinforced concrete moment frame. The substructure and 

superstructure floor systems are both comprised of an 8” thick two-way system with #5 reinforcing bars 

spaced 12” on center in both the column and middle strips and 8” thick drop panels. The below grade 

parking garage ramp is comprised of a 14” thick slab with #5 reinforcing bars provided both top and 

bottom with a spacing of 12” on center. 

Foundation 

 

ECS Mid-Atlantic, LLC performed a geotechnical analysis of the building’s site soil conditions as well as 

provided recommendations for the foundation. A total of five borings were observed in the geotechnical 

analysis. It was determined that a majority of the site’s existing fill consists of a mixture of silt, sand, 

gravel, and wood. The natural soils consisted of sandy silt, sand with silt, clayey gravel, silty gravel, and 

silty sand. The soil varies from loose to extremely dense in relative density. Based on the samples 

recovered from the rock coring operations, the rock is classified as completely to moderately 

weathered, thinly bedded, and hard to very hard gneiss.  

At the time of the study, the groundwater was recorded at a boring depth of 7.5 feet below the existing 

ground surface. The shallow water table is located at an elevation of 35 to 38 feet in the vicinity of the 

site.  

1000 Connecticut Avenue, NW Office Building is supported by a shallow foundation consisting of column 

footings and strap beams, as can be seen in Figure 6. The typical column footing sizes are 

  4’-0” x 4’-0”, 5’-0” x 5’-0”, and 4’-0” x 8’-0”.  

 

Figure 6 Details of typical strap beam and column footing 
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The footings bear on 50 KSF competent rock. The Strap beams (cantilever footings) are used to prevent 

the exterior footings from overturning by connecting the strap beam to both the exterior footing and to 

an adjacent interior footing. A simplified foundation plan can be seen in Figure 7.  

The slab on grade is 5” thick, 5000 psi concrete with 6x6-W2.9xW2.9 wire welded fabric on a minimum 

15 mil Polyethylene sheet over 6” washed crushed stone. The foundation walls consists of concrete 

masonry units vertically reinforced with #5 bars at 16” on center and horizontally reinforced with #4 

bars at 12” on center and are subjected to a lateral load (earth pressure) of 45 PSF per foot of wall 

depth.  

 

 

 

 

 

 

 

Figure 7 Foundation plan 
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Framing and Floor System 

Figure 8 Floor plan displaying column locations and bays 

The framing system is composed of reinforced concrete columns with an average column-to-column 

spacing of 30’x30’, as can be seen in Figure 8. The columns have a specified concrete strength of 

f’c=8000 psi for columns on levels B4 to level 3, f’c=6000 psi for columns on levels 4-7, and f’c=5000 psi 

for columns on levels 8-mechanical penthouse. The columns are framed at the concrete floor, as can be 

seen in Figure 9, and the columns vary in size. The most common column sizes are 24”x24”, 16”x48”, 

and 24”x30”. The column capitals are 6” thick, measured from the bottom of the drop panel, extending 

6” all around the face of the column, as can be seen in Figure 10. 
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Figure 9 Typical Detail of column framed at the floor        Figure 10 Typical column capital detail 

The typical floor system is comprised of an 8” thick two-way flat slab with drop panels reinforced with 

#5 bottom bars spaced 12” on center in both the column and middle strips, as can be seen in Figure 11.  

Figure 11 Typical two-way slab reinforcing detail 
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The individual drop panels are 8” thick, extending a distance d/6 from the centerline of the column, as 

can be seen in Figure 12. 

 

 

 

 

 

 

 

 

Figure 12 Typical Continuous drop panel 

A 36” wide by 3 ½” deep continuous drop panel is located around the perimeter on all floor levels. 

Levels 3-12 are supported by four post-tension beams above the lobby area. Due to the two story lobby, 

there’s a large column-to-column spacing. As a result, post tension beams are used to support the slab 

on levels 3-12 located above the lobby. In addition, four post-tension beams support the slab on levels 

3-12 that are located above the two-story parking deck, which also has a large column-to-column 

spacing, as can be seen in Figure 13.  

 

 

 

 

 

 

 

 

 

 

Figure 13 Plan view and typical detail of Post-tension beams supporting slab on levels above 

two-story loading dock 
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Lateral System 

The lateral system is comprised of a reinforced concrete moment frame. 

The columns and slab are poured monolithically, thus creating a rigid 

connection between the elements. The curtain wall is attached to the 

concrete slab, which puts the slab in bending. The curtain wall transfers 

the lateral load to the slab. The slab then transfers the lateral load to the 

columns and in turn the columns transfer the load to the foundation. 

Transfer girders on the lower level are used to transfer the loads from the 

columns that do not align with the basement columns in order to transfer 

the load to the foundation. A depiction of how the lateral load is 

transferred through the system can be seen in Figure 14.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Lateral load path 

depiction 

 

 

Curtain wall collects the lateral load and 

directly transfers the load to the concrete 

slab 

The slab transfers the lateral load to the 

columns 

The columns transfer the lateral load to the 

foundation  
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Roof System 

The main roof framing system is supported by an 8”thick concrete slab with #5 bars spaced 12” on 

center at the bottom in the east-west direction. The slab also has 8” thick drop panels. The penthouse 

framing system is separated into two roofs: Elevator Machine Room roof and the high roof. The elevator 

machine room roof framing system is supported by 14” and 8” thick slab with #7 bars with 6” spacing on 

center top and bottom in the east-west direction.   

Design Codes 

 

According to sheet S601, the original building was designed to comply with the following: 

 2000 International Building Code (IBC 2000) 

 Building Code Requirements for Structural Concrete (ACI 318) 

 Specifications for Structural Concrete (ACI 301) 

 Manual of Standard Practice for Detailing Reinforced Concrete Structures (ACI 315) 

 Specification for the Design, Fabrication and Erection of Structural Steel for Buildings (AISC 

manual), Allowable Strength Design (ASD) method 

The codes that were used to complete the analyses within this report are the following: 

 Minimum Design Loads for Building and Other Structures (ASCE 7-10) 

 AISC Steel Construction Manual, 14th Edition, Load and Resistance Factor Design (LRFD) method 

 Vulcraft Steel Roof and Floor Deck Manual, 2008 

 

 

 

 

 

 

 

 

 

 

 

 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 18 

 

Structural Materials  

Table 1 below shows the several types of materials that were used for this project according to the 

general notes page of the structural drawings on sheet S601.  

Concrete (Cast-in-Place) 

Usage Weight  Strength (psi) 

Spread Footings Normal 4000  

Strap Beams Normal 4000  

Foundation Walls Normal 4000  

Formed Slabs and Beams Normal 5000  

Columns Normal Varies (based on column 
schedule) 

Concrete Toppings Normal 5000  

Slabs on Grade Normal 5000  

Pea-gravel concrete (or grout) Normal 2500 (for filling CMU units) 

All other concrete Normal 3000 

Reinforcing Steel 

Type Standard Grade 

Deformed Reinforcing Bars ASTM A615 60 

 ASTM A775 N/A 

Welded Wire Fabric ASTM A185 N/A 

Reinforcing Bar Mats ASTM A184 N/A 

Post-Tensioning (Unbonded) 

Type Standard Strength (ksi) 

Prestressed Steel (seven wire low-
relaxation or stressed relieved 
strand) 

ASTM A416 270 

Miscellaneous Steel 

Type  Standard Grade 

Structural Steel ASTM A36 N/A 

Bolts ASTM A325 N/A 

Welds AWS N/A 

Table 1 Design materials 

Gravity Loads 

For this technical report, live loads and snow loads were compared to the loads listed on the structural 

drawings. In addition, dead loads were calculated and assumed in order to spot check gravity members 

and typical columns. The system evaluations were then compared to the original design. The hand 

calculations for the gravity member checks can be found in Appendix A.  

Dead and Live Loads 

Table 2 below is a list of the live loads in which the project was designed for compared to the minimum 

design live loads outlined in ASCE 7-10.  
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Floor Live Loads 

Occupancy Design Load (psf) ASCE 7-10 

Parking Levels 50 40 

Retail 100 100 

Vestibules & 
Lobbies 

100 100 

Office Floors  100=(80 psf+ 20 psf 
partitions) 

70= (50 psf + 20 psf 
partitions) 

Corridors 100 100 on ground level 
80 above 1st level 

Stairs 100 100 

Balconies & 
Terraces 

100 100 

Mechanical Room 150 - 

Pump Room, 
Generator Room 

150 - 

Light Storage 125 125 

Loading Dock, 
Truck Bays 

350 250 

Slab On Grade 100 - 

Green Roof Areas 30 - 

Terrace 100 100 

Table 2 Summary of design live loads compared to minimum design live loads on ASCE 7-10 
Note: - Means the load for the specified occupancy was not provided 

Based on the above design live loads, certain spaces were designed for higher loads to create a more 

conservative design and to allow for design flexibility.  For this technical report, the design live loads 

were used for the gravity member analyses.  

Snow Load 

The snow load was determined in conformance to chapter 7 in ASCE 7-10. A summary of the snow drift 

parameters are shown in table 3.  

 

 

 

 

 

 

Table 3 Summary of roof snow calculations 
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According to structural drawing sheet S601, the flat roof snow load was 22.5 psf whereas 15.75 psf was 

calculated in this technical report. The 15.75 psf value was used to determine the snow load and snow 

drifts. These subsequent calculations can be found in Appendix A.  

Table 4 below is a list of the dead loads that were used for the gravity spot checks. The superimposed 

dead loads for the floor levels and roofs were assumed.  

Dead Loads 

Normal Weight Concrete 150 pcf 

Curtain Wall 250 plf 

Precast Panels 450 plf 

Floor Superimposed Dead Load (ceiling, lights, 
MEP, miscellaneous) 

10 psf 

Main Roof Superimposed Dead Load (ceiling, 
lights, MEP, miscellaneous) 

10 psf 

Penthouse Roof Superimposed Dead Loads 5 psf 

Table 4 Summary of dead loads 

Lateral Loads 
In this report, wind and seismic lateral loads were calculated to determine the loads acting on the 

structure’s lateral system. To perform manual calculations for determining the lateral loads, simplifying 

assumptions were made. In addition, it was determined how much of the story force was distributed to 

each moment frame, which will be discussed later in this report. The hand calculations associated with 

the wind and seismic loads determination can be found in Appendices B and C.  

Wind Loads 

Wind loads were determined using the Main Wind Force Resisting System (MWFRS) procedure (method 

2) in conformance to Chapters 26 and 27 outlined in ASCE 7-10. Due to the building’s complex geometry, 
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a rectangular building shape was assumed to simplify the wind load analysis, as can be seen in Figure 17. 

 

Figure 17 Simplified building shape for wind load analysis 

Most of the calculations for determining the wind pressures and story forces were performed in 

Microsoft Excel. In the analysis, windward, leeward, sidewall, and roof suction pressures were 

determined. Internal pressures were neglected in calculating the design wind pressure because internal 

pressures do not contribute towards the external wind pressures acting on the building.  

The general wind load design criteria and guest effect factors can be found in Tables 5 and 6. The 

calculated approximate lower- bound natural frequency for the building was 0.544 Hz, which is less than 

1 Hz, therefore the gust factors were calculated in the event the building is flexible.  

 

Further, wind pressures in the N-S and E-W directions can be seen in Tables 7 and 8 with the 

corresponding vertical profile sketch of the wind pressures shown in Figures 18 and 19.  The story forces 

were then determined based on the wind pressures. The resulting base shears were 1401 k for the N-S 

direction and 553 k in the E-W direction. The story forces and overturning moments for both the N-S and 

E-W directions can be found in Tables 9 and 10 along with the vertical profile of the story forces in 

Figures 20 and 21.  
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Table 5 General wind design criteria 

 

 

 

 

 

 

Table 6 Guest Factors 
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Table 7 N-S Wind Pressures 

 

 

 

 

 

 

 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 24 

 

 

 

 

 

 

 

 

 

Figure 18 N-S wind pressure vertical pressure sketch 
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Table 8 E-W wind pressures 

 

 

 

 

 

 

 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 26 

 

 

 

Figure 19 E-W vertical wind pressure profile 
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Table 9 N-S Story forces, base shear, and overturning moment 
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Figure 20 Vertical profile of story forces in N-S direction 
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Table 10 E-W Story forces, base shear, and overturning moment 
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Figure 21 Vertical profile of story forces in E-W direction 
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Seismic Loads 

Seismic loads were determined using the Equivalent Lateral Force Procedure outlined in Chapters 11 

and 12 in ASCE 7-10. For analysis, the 1st level weight was neglected and thus the 2nd-12th levels, main 

roof, and penthouse were considered for building weight calculations. The typical floor level slab 

thickness is 8” with small areas consisting of 12” slabs. For calculation simplification, a uniform slab 

thickness of 8” was used.  

Since the lateral resisting system consists of a reinforced concrete moment frame in both the N-S and E-

W directions, one analysis was performed to determine the seismic story forces and base shear for both 

directions.  

Since this building has several stories above grade, building weight was determined by calculating the 

dead weight for the typical floor level and applying that story weight to the other floor levels (levels 2-

12). The weight on the main roof and penthouse roof were calculated separately. The weight included 

for summing the total building weight were the weight of the slabs, columns, drop panels, and 

superimposed dead loads.  

After the analysis, the determined base shear was 1001 kips and an overturning moment of 95,973 K-ft. 

Refer to Table 11 for seismic force analysis results.  
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Table 11 Story forces, base shear, and overturning moment due to seismic loads 

 

 
 

 

 

 

 

 

 

 

 

 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 33 

 

Problem Statement 
1000 Connecticut Avenue’s structural system currently consists of a two-way flat slab floor system 

supported by concrete columns with an average spacing of 30ft x 30 ft. The current lateral system 

consists of concrete moment frames comprised of the concrete columns and the two-way flat slab 

system. The in-depth analyses performed in technical reports 1-3 showed that the existing structural 

system is adequate to support the combined lateral and gravity loads and meets serviceability 

requirements.  

The author of this report was extremely interested in steel design. Therefore a scenario was created in 

which 1000 Connecticut Avenue NW Office Building was re-located to Arlington, VA and re-designed as a 

steel frame system consisting of two lateral systems: moment frames and braced frames. The new 

structural system will be analyzed to determine whether: 

 the overall building cost can be reduced; 

 the construction schedule can be reduced; 

 LEED certification will remain unchanged; 

 the bay sizes and floor-to-ceiling heights can be increased; 

 the annual revenue can be increased  

Since the existing 12 story structure is located in Washington DC, which has a zoning building height 

restriction of 130 ft., in order to use the new steel system the structural system will have to be designed 

as 11 stories to stay within the height limit or re-located to an area that does not have a height 

restriction. To make a fair comparison between the two systems, the building will be re-located to 

Arlington, VA so that the new structural system can be designed as 12 stories.  

The major design differences between the existing structural system and the proposed structural system 

can be seen below.  

 The steel structural system will increase the structural depth and therefore to maintain a 

minimum floor-to-ceiling height of 8’-6” the overall building height will need to be increased. 

Since the building height is currently 130 ft., the building height cannot be increased with the 

existing 12 stories. As a result, the number of stories will have to reduce to 11 to stay within the 

height limitation or the building will have to be re-located.  

 The current column layout is non-uniform and therefore to reduce the number of skewed 

connections with using the new steel structural system, a uniform framing layout will need to be 

created by removing and re-locating columns to create a uniform layout. 

 The alternative lateral systems will be subjected to different seismic loads; therefore the seismic 

loads will need to be re-calculated for the new system.  

 To maintain a minimum floor-to-ceiling height of 8’-6”with the use of the new structural system, 

the floor-to-floor height will need to increase. As a result of increasing the floor-to-floor height, 

the wind loads for the new system will need to be recalculated.  

 The steel system will be subjected to more vibration.  
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 The structural steel system is more flexible and therefore braced frames will be needed to resist 

lateral loads.  
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Proposed Solution 
1000 Connecticut Avenue’s structural system will be re-designed as a steel framing system. The lateral 

force resisting system will consist of moment frames around the perimeter and in the core of the 

building and concentric braced frames will be located around the elevator shafts and stairwell cores. The 

lateral force resisting beams that connect the columns in the moment frame will be designed as non-

composite beams. After calculating the wind and seismic loads for the new structural system, the new 

lateral system will be modeled and analyzed in ETABS for both seismic and wind loads.  

A composite beam/girder system with composite deck will be used for the gravity system. To use this 

gravity floor system, the building height will need to increase since the structural depth for each level 

will increase. 1000 Connecticut Avenue is currently 130 feet and the zoning height restriction in 

Washington DC is 130 ft. Therefore to use the composite steel beam/girder floor system the number of 

stories will need to be reduced from 12 to 11 to maintain high floor-to-ceiling heights and to remain 

within the restricted height limit or the building will have to be re-located. Therefore, the structural 

system will be designed as 12 stories by re-locating the building to Arlington, VA, which does not have a 

zoning height restriction. In addition, to decrease the number of skewed connections, columns will be 

re-located to create a more uniform framing layout, certain column lines will be removed to create 

wider bays, and the new structural system will be designed for higher floor-to-floor heights.  
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MAE Material Incorporation 

For re-designing 1000 Connecticut Avenue’s new structural system, material learned in two MAE 

courses were used. The lateral system was modeled, analyzed, and designed in ETABS using material 

learned in AE 597A (Computer Modeling).  In addition, material learned in AE 534 (Steel Connections 

Design) was used to design the typical orthogonal and skewed shear connections and a typical moment 

connection. Each connection was designed and checked based on each connection’s limit states. Both 

the lateral system and connection designs can be seen in the “Structural Depth: Steel Re-designs” 

section.  

Breadth Studies  

The integrated studies taught in the Architectural Engineering Program were incorporated in the report 

by conducting two breadth studies. The first breath studied was construction management Impact. This 

breadth will analyze the impact of the structural system redesign on the total building cost; construction 

schedule; site logistics of steel versus concrete; building LEED certification; and the anticipated revenue 

increase from the use of the new structural system. First, the current cost estimate will be compared to 

the cost estimate of the new structural system. Second, the new structural system construction 

schedule will be compared to the existing system construction schedule. Third, how the construction 

site will have to be managed differently for steel compared to concrete will be evaluated. Fourth, the 

building LEED certification with the use of the new structural system will be compared to the existing 

building LEED certification. Last, the revenue obtained from the new structural system with wider bays 

and higher floor-to-ceiling heights will be compared to the existing structural system’s revenue. Wider 

bays and higher floor-to-ceiling heights will increase the rental value of the floor space and therefore 

the building owner will be able charge higher rent, which will potentially increase revenue.  

The second breadth studied was acoustics and lighting impact. This breadth will involve determining the 

sound treatments required for a typical office space housed in the new structural system. Based on the 

sound treatments in the space, the sound transmission class (STC) and noise reduction (NR) values will 

be determined for the typical office space. In addition, since the new structural system will be designed 

for higher floor-to-ceiling heights, lighting illuminance applied to the work plane surfaces will be 

affected. As a result, a lighting breadth will be conducted by designing the lighting system for a typical 

office space using the existing floor-to-ceiling height of 8’-6” and checking to determine if the same 

lighting system can be used for the space with a new floor-to-ceiling height of 10’-6”. AGI will be used to 

design the lighting system for the space and the average illuminance in the space will be compared to 

the target illuminance.  The IESNA Handbook 10th edition was used to determine the target illuminance 

and maximum power density for a private office space. Both spaces with the lighting system layout will 

be represented through renderings. 
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Structural Depth: Steel Re-Designs 

Gravity System Design 

To begin the structural system re-design, the framing layout and lateral system locations were 

determined. The goal of the re-design was to increase the rental value of the building space by creating 

wider bays and higher floor-to-ceiling heights. As a result, certain column lines that were in the existing 

structural layout were removed to increase the bay sizes and columns were re-located to create a 

uniform framing layout to reduce the number of required skewed connections. After designing the 

framing layout, a 3VLI20 composite deck was chosen for the design. The new framing system layout can 

be seen in Figure22.  

Figure 22 Typical framing plan layout 

When designing the framing layout, it was found that skewed members will be needed to transition the 

framing layout to the portion of the building that is tilted 25 degrees counterclockwise from North axis. 

When initially designing the framing layout, the section located between column lines 2’ and 4’ was 

designed as can be seen in Figure 23. This design was then changed to the final design to avoid spanning 

the members at sharp, acute angles.  As a result, column line 3 was added to increase the skewed angle 

and to decrease the span length of the beam members spanning into the girders at skewed angles. As a 

result of adding the additional column line, the beams were designed using smaller beam sections to 

N 
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support the loads. In addition, according to “Orthogonal and Skewed Shear Connections Design and 

Detailing Requirements” article most skewed members carry less tributary area, therefore when 

creating the framing layout the system was designed so that only beam members will be connected at 

skewed angles where necessary. The girders throughout the framing layout are all connected at 

orthogonal angles with the exception of two girders.  

 

Figure 23 Original (left) and final (right) design of framing layout in tilted building region 

After creating the framing layout, the moment frame and brace frame locations were determined. Five 

moment frames were chosen to resist the lateral loads in the East-West direction.  Three of the moment 

frames are located around the perimeter of the building and two of the moment frames are located in 

the core of the building. To resist the lateral loads in the North-South direction, two moment frames 

located around the perimeter of the building and four braced frames located around the elevator shafts 

and stairwell cores were used.  Moment frames were used to maintain an open floor plan without any 

obstructions. To avoid obstructions in the floor plan, the braced frames were located around the 

elevator shafts and elevator cores, where there are no openings and to keep the floor layout open. The 

moment frame and brace frame locations can be seen in Figure 24.  
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Figure 24 Floor plan with moment frames indicated in blue and braced frames indicated in red 

After creating the framing layout, the composite beam and girder gravity system was designed manually 

using AISC 14th edition. Since the framing layout consists of varying bay sizes, the members were 

designed for each bay. The framing layout with member sizes can be seen in Figures 25 and 26. The 

calculations for the gravity system design can be found in Appendix A.  
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Figure 25 Typical framing plan A with frame sections  
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Figure 26 Typical framing plan B with frame sections  

After designing the gravity system, the floor-to-floor height was chosen to be increased from the 

existing 10’-7” to 15’-0”. The increased floor-to-floor height will increase the building height from 130ft 

to 180 ft. The purpose of this height increase was to maintain high floor-to-ceiling heights while taking 

into account the increase in structural depth due to the gravity members. The existing system has a 

floor-to-ceiling height of 8’-6”, but after increasing the floor-to-floor height to 15’-0” in the new 

structural system a floor-to-ceiling height of 10’-6” will be achieved. The higher ceiling height will 

increase both the openness and rentable value of the space.  

After increasing the floor-to-floor height, the columns were designed as two tiers. This represents the 

columns will be spliced every two stories. Designing the columns as 4 tiers would result in a shipment on 

site of 60ft long columns, which is undesirable. Therefore, the columns were designed as 2 tiers to 

decrease the length of the columns shipped to the construction site and to decrease cost by using 

smaller columns sections throughout the height of the building. The gravity columns were designed 

using AISC 14th edition and using the assistance of Microsoft Excel. The gravity column calculations can 

be seen in Appendix A. The gravity column schedule can be seen in Table 12.  
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Table 12 Gravity column schedule 

After designing the gravity floor system and gravity columns, a typical orthogonal connection and a 

typical skewed shear connection was designed. A double angel was used for the orthogonal shear 

connection. According to the “Orthogonal and Skewed Shear Connections Design and Detailing 

Requirements” article, the preferred skewed connections for economy and safety are single plates and 

end plates. As a result, an end plate skewed shear connection was designed in accordance to AISC 14th 

edition and the “Orthogonal and Skewed Shear Connections Design and Detailing Requirements” article. 

The typical shear connections can be seen in Figure 27. The design of the typical shear connections can 

be seen in Appendix D.  
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Figure 27 Typical shear connections  
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Lateral System Design 

The lateral- force resisting beams that connect the columns were designed as non-composite. To begin 

the design of the lateral system, the member sizes were estimated by designing the beams, girders, and 

columns for gravity loads only and using AISC 14th edition. The estimated moment frame member sizes 

can be seen in Appendix A.  After estimating the member sizes, the wind loads and seismic loads were 

calculated for the new structural system. The wind and seismic load calculations can be found in 

Appendices B and C.  

Wind loads were determined using the Main Wind Force Resisting System (MWFRS) procedure (method 

2) in conformance to Chapters 26 and 27 outlined in ASCE 7-10. Due to the building’s complex geometry, 

a rectangular building shape was assumed to simplify the wind load analysis, as can be seen in Figure 17.  

Most of the calculations for determining the wind pressures and story forces were performed in 

Microsoft Excel. In the analysis, windward, leeward, sidewall, and roof suction pressures were 

determined. Internal pressures were neglected in calculating the design wind pressure because internal 

pressures do not contribute towards the external wind pressures acting on the building.  

The general wind load design criteria and guest effect factors can be found in Tables 13 and 14. The 

calculated approximate lower- bound natural frequency for the building was 0.417 Hz, which is less than 

1 Hz, therefore the gust factors were calculated in the event the building is flexible.  

 

  

 

  

 

 

Table 13 General wind design criteria 

 

 

 

 

 

Table 14 Gust factors for the Main Wind Force Resisting System 
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Further, wind pressures in the N-S and E-W directions can be seen in Tables 15 and 16 with the 

corresponding vertical profile sketch of the wind pressures shown in Figures 28 and 29. The story forces 

were then determined based on the wind pressures. The resulting base shears were 2119 kips in the N-S 

direction with an overturning moment of 218,031 kip-ft and 850 kips in the E-W direction with an 

overturning moment of 88,086 kip-ft. The story forces and overturning moments for both the N-S and E-

W directions can be found in Tables 17 and 18 along with the vertical profile of the story forces shown 

Figures 30 and 31.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15 Wind pressures in North-South direction 
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Figure 28 Vertical profile of wind pressure distribution in North-South direction 
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Table 16 Wind pressures in East-West direction 

 

Figure 29 Vertical profile wind pressure distribution in East-West direction 
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Table 17 N-S Story forces, base shear, and overturning moment 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30 Vertical profile of story forces in N-S direction 
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Table 18 E-W Story forces, base shear, and overturning moment 

 

 

 

 

 

 

 

 

 

 

 

Figure 31 Vertical profile of story forces in E-W direction 
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Seismic loads were determined using the Equivalent Lateral Force Procedure outlined in Chapters 11 

and 12 in ASCE 7-10. For analysis, the 1st level weight was neglected and only the 2nd-12th levels, main 

roof, and penthouse were considered for building weight calculations. For determining the seismic 

loads, the member self-weights (including the beams, girders and columns) were assumed to be 15 psf. 

Since the lateral system consists of a dual system with the combined use of moment frames and braced 

frames, seismic loads were calculated separately for the North-South and East-West directions. The 

seismic story forces and overturning moments for the N-S and E-W directions can be seen in Tables 19 

and 20 and the story force distributions can be seen in Figures 32 for the N-S direction and Figure 33 for 

the E-W direction.  

Since this building has several stories above grade, building weight was determined by calculating the 

dead weight for the typical floor level and applying that story weight to the other floor levels (levels 2-

12). The weight on the main roof and penthouse roof were calculated separately. The weight included 

for summing the total building weight were the weight of the slab on deck, member self-weight 

allowance, super-imposed dead loads, and curtain wall self-weight.  

After the analysis, the determined base shear in the North-South direction was 939 kips with an 

overturning moment of 123,733 K-ft. The baser shear in East-West direction was 518 kips with an 

overturning moment of 71,659 k-ft.  

 

 

 

 

 

 

 

 

 

 

 

 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 51 

 

Table 19 N-S Story forces, base shear, and overturning moment 

 

 

 

 

 

 

 

 

 

 

 

Figure 32 Vertical profile of story forces in N-S direction 
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Table 20 E-W Story forces, base shear, and overturning moment 

 

 

 

 

 

 

 

 

 

Figure 33 Vertical profile of story forces in E-W direction 
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Computer Model 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34 3D perspectives of the new lateral system modeled in ETABS 
 
 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 54 

 

After estimating the moment frame members and determining the lateral loads, the new structural 
system was modeled in ETABS. Several assumptions were made when creating the lateral model. The 
columns were modeled as line elements and were then assigned section properties based on the gravity 
analysis performed to estimate the member sizes. The base supports were modeled as pin supports 
since the foundation consists of spread footings, which are not very rigid and thus do not carry much 
moment. Each floor level was modeled as an area element and assigned a rigid diaphragm since the 
floor system consists of a 3VLI20 composite deck with 7 ½” slab thickness.  In addition, material 
properties were modified by eliminating the self-mass from the material definitions and applying the 
floor mass calculated in the seismic analysis to the diaphragm by using the Additional Area Mass 
function.  
 
The ETABS model was then used to determine the controlling wind load case. The four possible wind 
load cases from ASCE 7-10, as can be seen in Figure 35, were considered to determine which wind case 
controlled the design.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 35 Design wind load cases from ASCE 7-10 
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The wind loads were calculated for wind load cases 2 through 4, as can be seen in Tables 21 through 23.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Tables 21-23 Calculated wind load cases 2-4 from ASCE 7-10 

 
 It was found that wind load case 1 controlled in both the North-South and East-West directions. To 
determine the controlling wind load case, shear forces acting in each frame on story 6 were used. The 
wind load case that resulted in the highest shear forces in the frames was concluded to control the 
design. Tables 24 through 27 show the analysis results of the shear forces acting in each frame due to 
each wind load case.  
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Tables 24-27 Shears acting in each frame due to the four wind load cases 

 
As can be seen in Tables 24-27, the shear forces are greatest in the frames subjected to lateral wind load 
case 1, except in the case for brace frame B-4 which is subjected to a larger shear in load case 2. Overall, 
wind load case 1 is the controlling wind load case.  
 
After determining the controlling wind load case, the load combination that would control the strength 
of the design was checked. Figure 36 shows a list of possible load combinations in ASCE 7-10.  
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Figure 36 Load and Resistance Factor Design (LRFD) load combinations from Chapter 2 of ASCE 7-10 
 
The controlling load combination for strength was found to be combinations 4 and 5. The two 
combinations were then checked in both the N-S and E-W directions to determine which one controlled 
the strength of the design.  After analysis, it was found that load combination 4 controlled the strength 
of the design for both the N-S and E-W directions. According to section 12.8.4.2 of ASCE 7-10 for seismic 
design, for a rigid diaphragm the design must include the accidental torsional moments caused by 
assumed displacement of the center of mass each away from its actual location by a distance equal to 
5% of the dimension of the structure perpendicular to the direction of the applied forces. As a result, 
this accidental torsional moment was taken into account by applying seismic loads in ETABS at a 5% 
eccentricity from the center of mass. For analysis, story 6 was used as a sample story to determine 
which load combination controlled the strength of the design. The analysis results can be seen in Tables 
28 through 31.  
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Tables 28-31 Controlling load combinations that control strength of design 
 
As can be seen in Tables 28-31 load combination 4 controls the strength of the design in both the N-S 
and E-W directions. The controlling load combination in both directions was used to check if the 
estimated designed members determined from the gravity only analysis was adequate to support the 
combined lateral and gravity loads and if the structural system was within the allowable drift limits. 
After using the steel frame design check in ETABS, it was shown that the estimated member sizes were 
not adequate to support the combined gravity and lateral loads and the structure displaced as much as 
10 inches in the E-W direction and 12” in the N-S direction under the unfactored wind loads. With the 
building having a total height of 180 ft., using a drift limit of L/400 due to unfactored wind loads the 
structure can displace up to 5.4 inches to remain within the allowable drift limit. Using a drift limit of 
0.02H due to unfactored seismic loads, the structure can displace up to 43.2 inches to remain within the 
allowable drift limit. To design the lateral system to meet both strength and drift requirements, the 
members were then assigned AUTO sections, which is an automatic select list of members chosen as 
prospective design members. The lateral displacement target for the system was also set to 4 inches to 
keep lateral drift to a minimum.  
 
Initially it was assumed that diagonal bracing would be used as the brace frame configuration to resist 
the lateral loads in the N-S direction, but after running the steel design it was shown that the 
displacement in the N-S direction was beyond the allowable limit. Therefore the brace frame 
configuration was changed to X-bracing. After running the design with the braced frames with X bracing, 
the lateral drift in the N-S direction was within the allowable limits. Figure 37 shows the strength 
adequacy of the members chosen for the design.  
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Figure 37 Strength of the design members with the use of the interaction diagram 
 
 
The  color at the bottom represent the interaction diagram in which red means the member is 
inadequate in strength to support the load and blue means the member is very adequate to support the 
load. The members in Figure 37 are all adequate to support the load except 3 members highlighted in 
red. This represents the members highlighted in red need to be increased in size to support the load. 
After re-rerunning the design, ETABS selected all members that were adequate to support the combined 
gravity and lateral loads and an overall system that was within the allowable drift limits. The final 
member selection can be seen in Figure 38.  
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Figure 38 Final lateral system member selection 
 
 
The final moment frame and braced frame design sections can be seen In Figures 39 through 46. 
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Figure 39 Moment Frame A.1 
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Figure 40 Moment Frame B 
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Figure 41 Moment Frame C 
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Figure 42 Moment Frame E 
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Figure 43 Moment Frame 1 
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Figure 44 Moment Frame 1’ 
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Figure 45 Braced frames 1 and 2 
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Figure 46 Braced frames 3 and 4 
 
 
After designing the lateral system members, a typical moment frame connection was designed. The 

connection can be seen in Figure 47. The calculations for the typical moment connection design can be 

seen in Appendix D.  
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Figure 47 Typical moment frame connection 
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After designing the lateral system, the system was checked for relative stiffness, building torsion, lateral 
drift and displacement, and overturning moment.  

Building Torsion 

Figure 48 Plan view showing the location of the Center of Mass (COM), Center of Rigidity (COR), and 

Center of Pressure (COP) 

When the Center of Mass (COM) and Center of Rigidity (COR) do not coincide, the building will be 

subjected to torsional effects caused by the seismic loads. In addition, wind loads act at the Center of 

Pressure (COP) and are resisted at the COR and if the COM and COP do not coincide, the building will be 

subjected to torsional effects caused by the wind loads.  These torsional effects must be accounted for 

in design. To determine the total building torsion, one must consider the torsion due to the location 

difference between the COR and COM (or COR and COP). Torsional moments were calculated for the 

controlling wind load case 1, as can be seen in Table 32.  
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Table 32 Torsional moments due to eccentric wind load case 1 in both the N-S and E-W directions 

Relative Stiffness 

The distribution of lateral story forces at a given story level to the lateral force resisting systems at that 

story is done according to the relative stiffness of each lateral system. The stiffness of each system is 

determined by applying a unit load at the top story of each lateral force resisting system element. The 

stiffer the system, the more lateral load it will resist. The location and orientation of each moment 

frame and braced frame can be seen in Figure 24. The stiffness of each frame was found in order to 

complete an analysis of both the direct and torsional shears, which will be discussed later in this report.  

Each frame’s stiffness was determined by applying a 1000 kip story load in the X –direction at the main 
roof level, which is the top level of the lateral force resisting system, and using ETABS to find the shear 
and displacement of each frame at the main roof level due to the 1000 kip story load. This same 
procedure was also applied to the Y-direction. The shear force and displacement in each frame at the 
main roof level were used to determine each frame’s stiffness, K, where:  
 
Ki     , where P is the shear force in the frame at the main roof level and   is the frame’s displacement 
due to the 1000 k story load.  
 
After determining each frame’s stiffness, the relative stiffness was calculated by comparing the stiffness 

of each frame to the frame with the greatest stiffness. Firstly, the frame with the largest stiffness was 
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set to have a relative stiffness of 1 (or 100 percent). The remaining frames’ relative rigidity was 

determined by dividing each frame’s stiffness, K, by the highest stiffness. This procedure was also 

applied to the Y-direction. Each frame’s relative stiffness can be seen in Table 33. 

 

 

 

 

 

 

 

 

  

Table 33 Relative stiffness of the Lateral Force Resisting Systems (LFRS) 

As can be seen in Table 33, Moment Frame B (MF-B) resists the largest portion of the 1000 kip lateral 

load applied in the in the E-W direction because it’s the stiffest frame in the E-W direction and thus 

resists a larger portion of the lateral loads acting in the E-W direction. Its location and span length 

relative to the other moment frame can be seen in Figure 24. Also Table33 shows that Brace Frame 

1(BF-1) resists the largest portion of the 1000 kip lateral load applied in the N-S direction. This 

represents that brace frame 1 is the stiffest lateral force resisting frame in the N-S direction. Load 

follows stiffness and therefore the stiffer frames resist the largest portion of the lateral loads.  

Lateral Load Distribution 

Lateral force resisting systems resist lateral loads through direct shear and torsional shear.  For 1000 

Connecticut Avenue, to determine the portion of the story lateral force resisted by each frame, sample 

calculations were completed by solving for both the direct and torsional shears in each frame. The total 

shear in each frame was determined by adding the direct shear to the torsional shear. A plan view of the 

direction of the direct shear (DS) and torsional shear (TS) forces acting on the frames subjected to a 155 

kip seismic lateral load acting on the main roof level in the N-S direction can be seen in Figure 49. The 

sample calculations for the direct shear and torsional shear acting on the North-South resisting frames 

due to the 155 kip seismic load can be seen in Tables 34 through 36.  

Direct Shear 

The frames that are parallel to the direct shear will participate in resistance. For example, the lateral 

loads acting in the North-South direction will be resisted directly by braced frames 1-4 and moment 

frames 1 and 1’.  The lateral loads acting in the East-West direction will be resisted directly by moment 
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frames A.1, B, C, E, and 1’. Since moment frame 1’ is oriented at an angle, it will participate in resisting 

the lateral loads in both the N-S and E-W directions.  

The direct shear of each frame was calculated by multiplying the relative stiffness of each frame by the 

lateral load. The relative stiffness represents the portion of the story lateral load resisted by the frame.  

Relative stiffness=  
  

   
 

Where, 

Ki is the stiffness of the frame parallel to the lateral load 

 

A sample distribution of the 155 kip seismic lateral load acting on the main roof level can be found in 

Table 34.  

Torsional Shear 

If the Center of Mass (COM) and Center of Rigidity (COR) do not coincide, then the seismic loads will 

cause torsional effects; seismic loads act through the COM, but are resisted through the COR.  In 

addition, the wind loads act at the Center of Pressure (COP) and are resisted at the COR. Contrast to 

direct shear, all of the frames will participate in resisting these torsional effects. The torsional shear in 

each frame was first determined by finding the eccentricity between the COM and COR. Next, the 

distance between the frame and COR was determined where the distance is the moment arm between 

the COR and the frame.  The torsional Shear equation with corresponding variable definitions can be 

seen below.  

Torsional Shear,  i  
   i i

  i i
2 

Where,  

V- story lateral load 

e- eccentricity (distance between the COM and COR or COM and COP) 

Ki- stiffness of the lateral force resisting system element 

di- moment arm between COR  to the lateral force resisting system element 

The sample calculations for torsional shears and total shears acting on the North-South resisting frames 

due to the 155 kip seismic load can be seen in Tables 35 and 36.  
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Figure 49 Plan view of the direction of the direct shear (DS) and torsional shear (TS) forces acting on the 

frames subjected to a 155 kip seismic lateral load acting on the main roof level in the N-S direction 

 

 

 

 

 

 

Table 34 Direct shear calculation for frames resisting 155 kip seismic load 

As can be seen in Table 34, brace frame 1 resists the largest portion of the seismic load applied in the N-

S direction.  This was also shown in table 33 under the “relative stiffness” section in which it was shown 

that brace frame 1 would resist most of the lateral load because its stiffer than the other frames 

participating in resisting the direct shear. The stiffer the frame the more load it will resist because load 

follows stiffness. In addition, the torsional shears acting on the N-S frames can be seen in table 35 and 

the total shear acting on the N-S frames can be seen in Table 36.  

 

N 

BF-1 BF-2 BF-3 BF-4 

MF-1 

MF-E 

MF-A.1 

MF-B 

MF-C 

MF-1’ 
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Tables 35 and 36 Torsional shear and total shear acting on the N-S resisting frames 
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Story Drift and Lateral Displacement 

The lateral displacements and story drifts were obtained from ETABS. This was done by using only un-
factored wind and seismic loads. The inter-story drifts due to the un-factored wind load case 1 were 
compared to the H/400 allowable displacement, from ASCE 7-10, where H is the story-to-story- height. 
For the un-factored seismic loads, the inter-story drifts were compared to 0.020H from table 12.12-1 of 
ASCE 7-10, as can be seen in Figure 50. 1000 Connecticut Avenue has a risk category of II and has a 
combined moment frame and brace frame dual lateral system; therefore the allowable drift will be 
0.02H, where H is the story-to-story height.  
 

Figure 50 Table of allowable story drift for seismic loads 
 
The serviceability for both the wind and seismic loads were found to be within the allowable limits. The 
story displacements and story drifts in the N-S and E-W directions can be found in Tables 37 and 38.  
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Tables 37 and 38 Story displacements/drifts due to un-factored wind and seismic loads 
 
As can be seen in Tables 37 and 38, the inter-story drift of the lateral system is within the permissible 
limits for both the wind and seismic cases.  
 
 
 
 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 78 

 

Overturning and Stability Analysis 

A building’s foundation must be designed to support both axial loads and bending moments caused by 

the lateral loads. The support base of lateral force resisting columns is subjected to uplift forces caused 

by the lateral loads. As a result, these uplift forces subject the building to overturning moments.  

1000 Connecticut Avenue’s foundation is comprised of spread footings, which behave as pinned 

connections due to their low rigidity. As a result, the foundation does not participate in resisting 

moments caused by the lateral loads. Through the analysis of the lateral system, the foundation was 

checked to determine if it is adequate to carry the moment due to the lateral forces on the slab, which 

transfers the load to the columns. The overturning moments were found by using the controlling lateral 

loads in each direction. It was determined in preceding sections of this thesis report that wind load case 

1 was the controlling lateral load for both the North-South and East-West directions.  Wind load case 1 

was used to calculate the overturning moments by multiplying the lateral loads by the story height. The 

resisting moments were calculated by multiplying the total building weight by half of the building length, 

where the building length is in the direction in which the resisting moment is acting. Load combination 

0.9D + 1.0W was found to control for checking the overturning moments. As can be seen in Table 39, the 

resisting moment is much greater than the overturning moment in both the N-S and E-W directions. 

Therefore, it was found that the slab-to-column moment frame systems below grade are adequate to 

carry the moments due to the lateral loads. Since the spread footings will behave as pinned connections, 

the columns will not transfer any moment to the foundation. Therefore the rigid connection between 

the slab and columns will carry the overturning moment. 
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Table 39 Overturning and resisting moments in the N-S and E-W directions 
 

In addition, with the lateral system consisting of braced frames, the braced frames will subject the 

foundation to uplift. As a result the foundation must be checked to determine if it is stable enough to 

resist the uplift forces. To check for uplift forces, brace frame 3 was used. The controlling load 

combination for checking uplift is 0.9D+1.0W. As can be seen in Figure 51, the braced frame is subjected 

to a factored tensile uplift force of 6123 kips.  
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Figure 51 Uplift force braced frame is subjected to due to wind load case 1 acting in the N-S direction 
 
 

Column 

21 
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The concrete footing subjected to the uplift force carries a resistive dead load of 1559 kips, which is 
smaller than the uplift force of 6123 kips acting on the footing. As a result, the foundation will need to 
be designed to resist this uplift force. A summary of the loads acting on the footing supporting column 
21 can be seen in Table 40.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 40 Total load acting on footing supporting column 21 
 
The existing foundation consists of spread footings, but in order to resist the uplift on the foundation 
caused by the braced frames there are three options that can be used to resist the uplift forces. One 
option is to use a grade beam that connects two spread footings to resist the uplift forces. The 
additional rigidity provided by the beam enables the foundation to resist the lateral loads.  The grade 
beam configuration can be seen in Figure 52.  
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Figure 52 Spread footings connected with a grade beam 
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Another alternative foundation is to use a combined spread footing. The combined footings will have 
additional rigidity needed to resist the uplift forces subjected on it by the braced frames. Figure 53 
displays a typical layout of a combined spread footing.  
 
 

 
 
 
 
 
 
 
 
 

 
Figure 53 Combined spread footing 

 
 

The last alternative is to use a mat foundation, which acts as a fixed base connection and thus will resist 
uplift forces.  
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Construction Management Breadth 
The construction management breadth was analyzed to determine the impact the structural system 

redesign would have on the total building cost; construction schedule; site logistics of steel versus 

concrete construction; building LEED certification; and the anticipated revenue increase from the use of 

the new structural system. First, the current concrete construction cost estimate was compared to the 

cost estimate of the new structural system. Second, the new structural system construction schedule 

was compared to the existing system construction schedule. Third, how the existing construction site 

had to be managed differently for steel construction compared to concrete construction was evaluated. 

Fourth, the building LEED certification with the use of the new structural system was compared to the 

building LEED certification with the use of the existing concrete structural system. Last, the revenue 

obtained from the new structural system with wider bays and higher floor-to-ceiling heights was 

compared to the existing structural system’s revenue. Wider bays and higher floor-to-ceiling heights 

increases the rental value of the floor space and therefore the building owner will be able to charge 

higher rent, which will potentially increase revenue.  

New System Cost 

After changing the structural system to steel, a cost analysis was completed to determine if the new 

system would cost less than the existing structural system. The cost was determined for the 

superstructure and the cost of the new superstructure was compared to the existing superstructure 

cost.  A summary of each system’s cost can be seen in Table 41. The analysis showed that the new 

structural system will cost $5,994,630 more than the cost of the existing superstructure. RS Means 2012 

was used to determine the cost of the new structural system. The detailed superstructure cost 

calculations can be found in Appendix E.   
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Table 41 New system cost versus existing system cost 
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Construction Schedule 

After changing the structural system from steel to concrete, a construction schedule study was 

conducted to determine if the schedule of the new structural system can be shorten. The schedule path 

chosen to decrease the construction of the steel framing system can be seen listed below.  

1. erect the first set 2 tier columns 

2. erect the steel beams and girders at stories one and two 

3. Erect the metal decks at stories 1 and 2  

4. Pour the slab on deck at story 1 while the second set of 2 tier columns are being erected 

5. Pour the slab on deck at story 2 while the beams and girders at stories 3 and 4 are being erected 

The steel construction schedule will follow the above sequence until its completion. The steel system’s 

proposed construction schedule can be seen in Figure 54. The schedule date starts on November 19, 

2010 because that is the same day in which the existing concrete system reached grade level.  
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Figure 54 Proposed construction sequence for the steel framing system 

The existing system’s first level through main roof concrete construction schedule sequence can be seen 

in Figure 55.  
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Figure 55 Existing construction sequence for levels 1 through Main roof 

As can be seen in Figure 55, the elevated slab for the roof was completed by April 15, 2011 where as for 

the steel system the slab on deck on the main roof level would be completed by March 28, 2011. As a 

result, the use of the steel system shortens the construction schedule by 18 days. RS Means 2012 was 

used to determine the duration for each activity required to complete the steel system construction. 

The detailed calculations for durations of the steel system schedule can be seen in Appendix E.  
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Site Logistics  

The site logistics of concrete versus steel construction will vary, therefore a site logistics study was 

conducted to determine how the two materials will have to be managed differently on the same site. 

The 1000 Connecticut Avenue project incorporated the use of Ox Blue to track the progress of the 

project. Ox Blue is a web camera used to keep track and view the progress of the project on site. The use 

of the web camera was executed on the first day construction began, which was on October 19, 2009. 

For the site logistics study, images taken by the camera system were used to determine the site logistics 

of the existing system. Select images taken during the course of construction were used to help with the 

site logistics study.  Select images used for the study can be seen in Figures 56 through 61.  

 

 

 

 

  

 

 

 

 

 

 

Figure 56 construction site before excavation (October 2009) 
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Figure 57 Beginning stages of excavation (December 2009) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 58 Construction site after excavation (April 2010) 
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Figure 59 erection of the subgrade four - level underground parking garage (October 2010) 

 

 

Figure 60 Erection of the twelfth story (main roof) (March 2011) 

 



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 91 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 61 Concrete tops out in May 2011 and the early stages of glass curtain wall installation  

Based on Figures 56 through 61, the site appears to have been managed the same throughout the 

structural system’s construction. An animated depiction of the site logistics can be seen in Figure 62.  
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Figure 62 Existing concrete system’s site logistics  

As can be seen in Figures 56 through 61, the management of the site appeared to stay the same 

throughout the different phases of the project in terms of equipment location and vehicular egress. The 

crane shown in Figures 56 through 61 is used to lift the form work and is used to place the concrete. The 

existing site appears to have used the crane and bucket placement method to pour and place the 

concrete. The private alleys are shut down during construction and are used as egress for the trucks. As 

can be seen in Figure  58 the trucks enter the site by traveling South on Connecticut Avenue and using 

the service road along K Street and the alleys as egress to gain access to the sight. The trailers are 

located along Connecticut Avenue which is a good viewing location for the project managers and 

engineers to track the progress of the project.  

After analyzing the site logistics for the existing concrete structure, a study was completed to determine 

how the site will have to be managed if steel were used. The proposed site logistics for the steel 

construction can be seen in Figure 63.  

N 
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Figure 63 proposed site logistics plan for steel construction 

It’s assumed the steel members will be labeled before arriving to the construction site. As a result, the 

members can be placed directly in the steel lay down areas upon arrival to the site. The same tall crane 

used for the concrete construction will also be used for erecting the steel members. Concrete will be 

placed by using the crane and bucket method, the same method used in the concrete construction. The 

crane and bucket method takes longer to execute than using a concrete pump, but it’s still effective and 

less expensive. In addition, with the use of the same crane and concrete placement method there will be 

no additional cost accumulated when erecting the steel system. The lay down areas for the steel will be 

located adjacent to the crane and near the south facing wall for easy access. The same egress paths used 

for the concrete construction will also be used for the steel system construction.  

After the analysis, it was shown that the site will be management very similarly to that of the concrete 

construction site, with the difference being the requirement of lay down areas for the steel members. 

The same equipment will be used which will avoid any additional cost. The Crane and bucket method 

will be used to pour the concrete. The same crane used for the construction of the existing system can 

be used for the erection of the steel system.  

 

 

N 
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LEED Certification 

After changing the structural system to steel, it was shown that the certification for the shell and core 

will remain platinum certified. The LEED analysis of the new and existing systems was based on LEED 2.0 

for New Construction and Major Renovations. The use of the new system will increase the rating from 

51 points to 52 points. Under the Material and Resources category, with the use of steel the building will 

be able to use at least 1% of reused steel for the structural members and metal decks,  in which the new 

system will be able to obtain 1 point for credit 3 (Materials and Reuse, 1%). In addition it is assumed that 

the building re-located to Arlington, VA will be located in a previously developed site (Credit 1 under 

“Sustainable Sites”) and the building will be located in a developed community. Since the building will be 

re-located to downtown Arlington, the point for credit 2 under “Sustainable Sites” will be achieved. The 

analysis of the existing system’s LEED certification can be seen in Table 42.  
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Table 42 Existing LEED certification check 

Annual Revenue 

After increasing the floor-to-floor height to 15’-0” and creating wider bays increased the rental value of 

the space. The floor layout is more open and due to fewer obstructions due to columns and with an 

increase floor-to-ceiling height of 10’-6” increases the openness of the space. A combination of wider 

bays and higher-floor-to-ceiling heights increases the rental value of the space, therefore a revenue 

study was performed to determine the amount of annual revenue that can be obtained with the use of 

the new structural system. The analysis was conducted by contacting a realtor representative in 

Washington D.C. to obtain information on the current asking rental price per square footage for the 

space. A realtor representative at Summit Commercial Real Estate Agency located in Washington, D.C. 

disclosed that the asking price for 1000 Connecticut Avenue is $55.00 per square foot. After asking the 

representative how much more rent can be charged with the additional amenities of wider bays and 

higher floor-to-ceiling heights, the representative disclosed that an additional $10-$20 can be charged 

per square foot. Therefore the asking price can increase up to $65-$75 per square foot.  

For the analysis, it was assumed that the new building system will be located in a business district in 

Arlington, VA and that the asking price for the existing building re-located to Arlington, VA will be $55 

per square foot. It was also assumed that the rent would increase to $65 per square foot if the new steel 

system were used in place of the concrete structure. The results of the annual revenue obtained with 

the use of the new structural system versus the revenue obtained from the use of the existing system 

can be found in Table 43.  
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Table 43 Annual revenue comparison between new steel system and existing concrete system 

As can be seen in Table 43, the annual revenue obtained with the use of the steel structural system 

layout will increase the annual revenue an additional $3,705,450 per year.  
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Acoustics and Lighting Breadths 
After designing the new steel structural system, acoustics and lighting breadths were conducted for the 

office spaces supported by the new system. The acoustics breadth involved determining the sound 

treatments required for a typical office space housed in the new structural system. Based on the sound 

treatments in the space, the sound transmission class (STC) and noise reduction (NR) values were 

determined for a typical office space. In addition, since the new structural system was designed for 

higher floor-to-ceiling heights, lighting illuminance applied to the work plane surfaces were affected. As 

a result, a lighting breadth will be conducted by designing the lighting system for a typical office space 

using the existing floor-to-ceiling height of 8’-6” and checking to determine if the same lighting system 

can be used for the space with a new floor-to-ceiling height of 10’-6”.  

Acoustics Breadth 

After changing the structural system from concrete to steel, the amount of sound transmitted between 

the space increases. As a result, an acoustical study was performed to determine the type of wall 

partitions, finish floor materials, and ceiling materials will be needed to attenuate the sound transmitted 

between the office spaces. As a can be seen in Figure 64 1000 Connecticut Avenue will be comprised of 

a series of office spaces located around the perimeter of the building. The private offices will be 

occupied by attorneys.  

 

Figure 64 Typical floor plan layout 

With the private office spaces being occupied by attorneys, speech privacy will be very important and 

must be considered when designing the office spaces. For analyzing the office space, the speech privacy 

analysis method outlined in Chapter 6 of “Architectural Acoustics” by David M. Egan will be used. The 
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speech analysis method is a step-by-step procedure broken down into 6 steps that are used to 

determine the minimum STC rating for common barriers between adjacent spaces in order to achieve 

satisfactory privacy. The speech privacy analysis procedure can be seen listed and described in Figure 65. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 65 Speech privacy analysis step-by-step procedure from “Architectural Acoustics” by David M. 

Egan 
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For the acoustical study, the common wall barrier between a conference room and private office was 

evaluated.  

 

 

 

 

 

 

Figure 66 Plan of an attorney’s private office (right) and adjacent conference room (left) 

The dimensions for the two spaces used for analysis can be seen in Figure 67.  
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Figure 67 Private office room and conference room dimensions 

According to the existing partition schedule, one of the partitions used as a common barrier between 

the enclosed spaces can been seen in Figure 68. For analysis, this partition type will be used as a 

common wall barrier between the office spaces housed in the new structural system.  

 

 

 

 

 

 

 

 

 

 

Figure 68 Common partition wall barrier between the private offices and conference rooms with an STC 

rating of 54 

Image obtained from the existing partition wall schedule sheet A1.50 

 

12’-6” 

Figure

16’-0” 

Figure
22’-0” 

Figure

20’-0” 

18’-6” 

Figure
Common Wall 

(16 ft wide by 10’6” high) 
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The above partition wall barrier was used to determine if it provides satisfactory privacy between the 

two spaces chosen for analysis.  

To begin the analysis, it was decided that both enclosed spaces will have carpeted floors and sound-

absorbing acoustical ceilings. With the spaces being occupied by attorneys, it was assumed that both 

spaces will be used for confidential work. The step-by-step speech privacy analysis can be seen in Table 

44 and Figure 70.  

 

 

 

 

 

 

 

 

 

Table 44 Summary of speech privacy analysis results 
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Figure 70 Analysis sheet showing minimum required STC for the wall  
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As shown in Figure 70, the speech privacy analysis resulted in a speech privacy rating of -5. This shows 

that the STC-54 rated 8” partition wall with 2-layers of ½” thick gypsum wall board on both sides, 

staggered electrical boxes isolated with insulation, and 2 ½” metal studs spaced 24” o.c. and is very 

adequate for providing speech privacy for the offices housed in the new steel structural system.  

Lighting Breadth  

Increasing the floor-to-ceiling height from 8’-6” in the existing structure to 10’-6” in the new structural 

system caused the distance to the work plane to increase.  Assuming the light fixtures are suspended 1.5 

ft. from the ceiling and the work plane is 2.5 ft from the floor, the work plane distance will increase from 

4.5 ft. to 6.5 ft in the new system. As a result, the lighting system used in the existing system may not 

work in the new system with higher floor-to-ceiling heights. For the lighting breadth, the lighting system 

was designed for a typical office space using the original floor to ceiling height of 8’-6”. After changing 

the floor-to-ceiling height to 10’-6”, the same lighting system was checked to determine if it could be 

used with the new work plane distance. The space chosen for analysis can be seen in Figure 71.  

 

 

 

 

 

Figure 71 Typical office with existing lighting system 

To begin the design, the important tasks that occur in the space had to be determined. It was found that 

the tasks that will occur in the private office space consist of reading, writing, and computer work. Next, 

based on the tasks that occur in the space, the target illuminance for the office was found to be 30 foot-

candles, which was obtained from the IESNA Handbook. The light distribution must be within ± 10 

percent of the target illuminance. Therefore, the illuminance of the light distribution must range 

between 27-33 foot-candles to be acceptable.   



Final Report                                                                                         GEA JOHNSON       STRUCTURAL OPTION

 

 April 4, 2012               1000 Connecticut Avenue | Washington DC 105 

 

The lighting fixture was selected using Delta Light and a (2) 28 W T5 lamp was chosen using Sylvania’s 

lamp and ballast catalog, which can be found in Appendix F. The light fixture chosen has 87.3% 

efficiency, which consists of 27.4% of up light and 60% of down light. The light fixture can be seen in 

Figure72.  

 

Figure 72 Lighting fixture chosen for the typical office space 

 

After assuming the surface reflectances and determining the total light loss factors, AGI was used to 

determine both the layout and number of luminaires needed to meet the 30 foot-candle target 

illuminance for the given space, which can be seen in Figures 73. For design simplicity, the triangular 

shape of the curtain wall was neglected and was assumed to be straight.  
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Figure 73 office plan with luminaire layout and illuminance values 

The above layout results in a 37.4 foot-candle illuminance which meets the space’s target illuminance. A 

rendering of the space with the new layout can be seen in Figure 74 and the office space’s thermograph 

with the new lighting system can be seen in Figure 75. 
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Figure 74 Rendering of the office space with 8’-6” floor-to-ceiling height  

Figure 75 A thermograph of the of the office space with 8’-6” floor-to-ceiling height 

The consistent blue color on the floor and walls in Figure 75 represents the designed lighting layout 

uniformly distributes the light through the space, thus preventing any hot spots from forming on the 

vertical and horizontal work planes.  

In addition, after determining the number of luminaires needed to meet the target illuminance, the 

power density was calculated to determine the amount of energy the new lighting system uses. A 

summary of the power density calculations can be seen in Table 45. 
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Table 45 Power density calculations 

It was found that the power density of the lighting system was 0.510 W/ft2. According to IESNA 2010, 

the maximum power density for a closed office space is 1.11 W/ft2. This represents that the new lighting 

system conserves energy and thus results in energy savings.  

After designing the lighting system for the office space in the existing structural system, the same 

lighting system was checked to determine if it will meet the office space target illuminance in the new 

structural system with higher floor-to-floor heights. Using AGI to check the design, the floor-to-ceiling 

height was increased to 10-6”. Keeping the work plane height at 2’-6” and the suspended lighting fixture 

distance at 1’-6”, the distance to the work plane increased to 6’-6” in the new system. The illuminance 

values of the new space can be seen in Figure 76.  
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Figure 76 Illuminance values of the office space with a 10’-6” floor-to-ceiling height 

After the analysis, it was found that the lighting layout used in the existing office space can also be used 

in the new space with an increased work plane distance of 2’-0”. As can be seen in Figure 76, the design 

resulted in an average illuminance of 32.44 foot-candles, which meets the target illuminance within 

±10%. A rendering of the space with the new layout can be seen in Figure 77 and the office space’s 

thermograph with the lighting system can be seen in Figure 78. 

 

Figure 77 Rendering of the office space with 10’-6” floor-to-ceiling height 
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Figure 78 A thermograph of the office space with 10’-6” floor-to-ceiling height 

 

The consistent blue color on the floor and walls represents that the designed lighting layout uniformly 

distributes the light through the space therefore preventing any hot spot from forming on the vertical 

and horizontal work planes.  

In addition, after determining the number of luminaires needed to meet the target illuminance, the 

power density was calculated to determine the amount of energy the new lighting system uses. A 

summary of the power density calculations can be seen in Table 46. 
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Table 46 Power density calculations 

It was found that the power density of the lighting system was 0.413 W/ft2. According to IESNA 2010, 

the maximum power density for a closed office space is 1.11 W/ft2, which represents that the new 

lighting system conserves energy and thus results in energy savings for the new space.  

In addition to designing the lighting system for the typical office space supported by the existing and 

new structural systems, the control of reflected glare was investigated. According to “Mechanical and 

Electrical Equipment for Buildings,” there are a number of techniques that can be used to minimize 

contrast loss due to veiling reflections while maintaining adequate illumination. One of the techniques 

investigated was physical arrangement of system elements. In a space that uses multiple sources, 

particularly continuous rows as the design layout chosen for the office space, placing the work between 
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rows with the line of sight parallel to the long axis of the units is an effective technique. Figure 79 shows 

both the preferred and non-preferred arrangement of work. 

 

 

 

 

 

 

 

 

 

Figure79  preferred and non-preferred arrangements of four possible work planes 

 Image obtained from “Mechanical and Electrical Equipment for Buildings” 

According to “Mechanical and Electrical Equipment for Buildings,” M2 is the best location in that the 

work plane receives light from both rows of luminaires. Positions M1 and M3 are undesirable because 

they have bright sources in the offending zone, which can be seen depicted in Figure 80. Position M4 is 

also an ideal location because there are no glare sources in the offending zone. 

 

 

 

 

 

  

 

Figure 80 Offending and critical zones for the work plane 

 Image obtained from “Mechanical and Electrical Equipment for Buildings” 

Based on the above information, if the work plane (desk) in the office space were located between the 

two rows of luminaires, where the occupants line of sight were parallel to the long axis of the luminaire 

units (similar to location M2 in Figure 79), direct and reflective glare would be avoided because the light 
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contributed by the two rows of luminaires would bounce off of the desk away from the occupant. This 

desk configuration would also prevent shadows. If the desk were placed in front or directly beneath the 

row of luminaires (similar to locations M3 and M1 in Figure 79) the occupant would be subjected to 

direct and reflected glare and shadows, which are undesirable. 
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Conclusion 
Before re-locating 1000 Connecticut Avenue to Arlington, VA it was found that to stay within 

Washington D.C.’s zoning height limit of 130 ft. when using the new steel structural system the system 

would have to be designed for a reduced number of stories. Reducing the number of stories from 12 to 

11 was undesirable, therefore to create a fair comparison between the existing concrete system and 

new steel system the building was relocated to Arlington, VA, which does not have a height limit.  The 

goal of the re-design was to 

 increase the bay sizes to open the floor plan layout; 

 increase floor-to-floor height to increase the openness of the space; 

 Reduce the construction schedule; 

 Reduce the structural system cost; 

 Increase the annual revenue by increasing the rental value of the space and increasing the 

amount of rentable space 

When designing the steel framing layout, a uniform layout was created to reduce number of required 

skewed members and wider bays were created by removing certain existing column lines and relocating 

columns. Wider bays were created to open the floor plan and to increase the rental value of the space 

with reduced column obstructions and more rentable space. Maintaining an open floor layout was an 

importance aspect of the re-design, therefore for the lateral system moment frames were used to avoid 

obstructions in the in the floor plan layout and braced frames were located around the elevator shafts 

and stairwell cores. The gravity system was designed as a composite steel system to achieve long spans 

while maintaining minimal structural depth. AISC 14th edition was used to design the gravity frame 

members. ETABS was used to analyze and design the lateral system. The lateral system design and 

analysis was based on the wind and seismic lateral loads calculated according to ASCE 7-10. The wind 

loads were determined by using Analytical Procedure (method 2) outlined in ASCE 7-10 and the seismic 

loads were determined by using the Equivalent Lateral Force Procedure outlined in ASCE 7-10. After 

designing the gravity and lateral systems, typical member connections were designed. The typical 

connections designed were orthogonal and skewed shear connections and a moment frame connection.  

After designing the gravity and lateral systems, two breadth studies were conducted to determine how 

the new structural system affected other aspects of the building. The first breath study was construction 

management impact.  In this breadth, it was found that the new structural system will cost $5,994,630 

more than the existing structural system. Second, the proposed construction sequence for the new 

structural was erected 18 days sooner than the existing structural system, thus representing the use of 

the new system reduced the construction schedule. Third, using the existing 1000 Connecticut Avenue 

site for the site logistics analysis, it was found that the site will be managed similarly for both concrete 

and steel construction. Fourth, the building will maintain LEED Gold Certification with the use of the new 

steel structural system. Last, the revenue obtained from the new structural system with wider bays and 

higher floor-to-ceiling heights resulted in additional revenue of $3,705,450 annually since the rental 

value of the space increased with the new framing layout.  Therefore based on the construction 

management breadth, it is concluded that the new structural system with wider bays and higher floor-
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to-ceiling heights results in an overall very successful design with a reduced construction schedule and 

increased rental value. It is concluded that the proposed steel structural system is a viable alternative 

system to use in Arlington, VA since the new system has many additional benefits compared to the 

existing concrete structural system.  

The second breadth studied was acoustics and lighting impact. This breadth involved determining the 

sound treatments required for a typical office space located in the new structural system. The analysis 

began by determining the level of speech privacy the common wall barrier between offices provided. It 

was shown that a 54 STC rated 8” partition wall with 2-layers of ½” thick gypsum wall board on both 

sides, staggered electrical boxes isolated with insulation, and 2 ½” metal studs spaced 24” o.c. and is 

very adequate for providing speech privacy for the offices housed in the new steel structural system. In 

addition, since the new structural system was designed for higher floor-to-ceiling heights, lighting 

illuminance applied to the work plane surfaces were affected. As a result, a lighting breadth was 

conducted by designing the lighting system for a typical office space using the existing floor-to-ceiling 

height of 8’-6” and checking to determine if the same lighting system can be used for the new floor-to-

ceiling height of 10’-6”. AGI was used to design the lighting system for the space and the average 

illuminance in the space was compared to the target illuminance of the space.  The IESNA Handbook 10th 

edition was used to determine the target illuminance and maximum power density for a private office 

space. It was found that the lighting system designed for the space with a floor-to-ceiling height of 8’-6” 

also achieved the target lighting illuminance for the space with a floor-to-ceiling height of 10’-6”.  
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Appendix A: Gravity System Design 
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Appendix B: Wind Load Calculations 
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Appendix C: Seismic Load Calculations 
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Appendix D: Typical Connections Design and Analysis 
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Appendix E: Construction Management Breadth Analysis 
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Appendix F: Acoustics and Lighting Breadth Analyses 
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Appendix G: Typical Floor Plans 
 


